This study proposes a method to estimate the timing of human-induced climate change (HICC) emergence from internal climate variability (ICV) for hydrological impact studies based on climate model ensembles. Specifically, ICV is defined as the inter-member difference in a multi-member ensemble of a climate model in which human-induced climate trends have been removed through a detrending method. HICC is defined as the mean of multiple climate models. The intersection between HICC and ICV curves is defined as the time of emergence (ToE) of HICC from ICV. A case study of the Hanjiang River watershed in China shows that the temperature change has already emerged from ICV during the last century. However, the precipitation change will be masked by ICV up to the middle of this century. With the joint contributions of temperature and precipitation, the ToE of streamflow occurs about one decade later than that of precipitation. This implies that consideration for water resource vulnerability to climate should be more concerned with adaptation to ICV in the near-term climate (present through mid-century), and with HICC in the long-term future, thus allowing for more robust adaptation strategies to water transfer projects in China.
INTRODUCTION
The Intergovernmental Panel on Climate Change (Pachauri et al. ) states that consecutive changes of precipitation pattern and temperature will give rise to a wide scope of environmental and socio-economic impacts by the end of the 21st century. Global climate change is driven on all timescales beyond that of individual weather events by internal and external forcing (Pachauri et al. ) . Internal forcing includes naturally occurring processes in ocean and atmosphere, and interactions of ocean and atmosphere within the climate system. Internal forcing exists as far back as pre-industrial time, when the climate system was more likely in an idealized state of climatic equilibrium with a fixed atmospheric composition and an unchanging sun 
Detrending methods
A two-stage detrending method was used to remove climate trend from the CESM1 ensemble. The climate trend is assumed to follow a linear trend. Since all CESM1 members are simulated using the same model structure and driven by identical climate forcing, it is expected that all members include the same climate trend. Thus, the climate trend is estimated based on a 40-member ensemble mean.
Since the CESM1 simulations are driven by different forcings during the historical period and the future period (2006-2100), the climate trend may be , 1970-1999, 1971-2000, 1972-2001, etc ., over the whole period ( 
Hydrological simulation
The hydrological modeling was carried out using a lumped 
Estimation of the time of emergence
The timing of HICC emerging from ICV (time of emergence, ToE) was estimated both for climate projections and hydrological simulations. HICC and ICV were estimated using the method described below.
The HICC is calculated with the following four steps. 
RESULTS

Performance of the detrending method
The detrending method was applied to mean temperature Residual ensemble spread represents ICV, which obviously has been preserved throughout the detrending process, since fluctuations and ensemble spread remain almost the same with raw data for the same time series.
Performance of the bias correction method
To verify the performance of bias correction in correcting multi-member ensemble, the multi-member ensemble of CESM1 mean temperature and precipitation is compared to the observed counterparts for the reference period . Figure 4 presents empirical cumulative distribution functions (CDFs) of the detrended annual mean temperature and precipitation for raw and bias-corrected 40-member ensembles of CESM1. The empirical cumulative distribution function (e.g., F(x)) is defined as the ratio of the number (e.g., a) of annual mean temperatures or annual precipitations that are less than a certain value (e.g., x) and sample size (e.g., n) plus one (i.e., F(x) ¼ a/(n þ 1)). For each empirical probability, a horizontal range was constructed by 40 values corresponding to 40 members of CESM1. All members were pooled together to plot an empirical CDF curve and CDFs for observed annual mean temperature and precipitation were also plotted for comparison.
For raw model data, wet biases are observed for annual precipitation and cool biases are observed for annual mean temperature. In other words, the CESM1 ensemble underestimates annual mean temperature and overestimates annual precipitation. After bias correction, wet biases in removed and so the hydrological simulation is reliable.
The variation between observed and simulated hydrographs is caused by ICV.
Times of emergence of climate change projection
Times of emergence for temperature Times of emergence for hydrological impact (Chen et al. ) showed that weighting GCMs has a limited impact on projected future climate both in terms of precipitation and temperature changes and hydrological impacts.
The magnitude of HICC is also dependent on the GHG emission scenario. Thus, the estimated ToE may also be sensitive to the GHG emission scenario, as has been pointed out in some studies (e.g., Giorgi & Bi ). The magnitude of GHG-forced precipitation changes tends to become greater as the GHG forcing increases (Giorgi & Bi ).
The alternative scenarios for anthropogenic emissions give rise to changes in the ToE by a magnitude of a decade or more (Hawkins & Sutton ) . For example, warm scenarios tend to lead to earlier ToE, while lower levels of emissions result not only in later ToE, but also in a more gradual rise in temperature HICC, thus producing a large increase in the uncertainty of ToE (Hawkins & Sutton ) . In order to make a conservative decision to counter climate change impacts, only one extreme GHG emission scenario is used to estimate HICC in this study.
ICV has been defined as the inter-member difference of a climate model. Since these ensemble members are 
).
Other studies (e.g., Giorgi & Bi ) 
CONCLUSION
This study investigated the importance of ICV relative to HICC in hydrological climate change impact studies, using a multi-member ensemble of a climate model for the Hanjiang River watershed. The following conclusions are drawn:
1. The ToE of temperature has already occurred at around the end of the last century. However, the ToE of precipitation is projected to happen in the middle of the 21st century, much later than the ToE for temperature.
2. For mean streamflow, the ToE is projected to happen around the end of the 21st century, later in the wet season than in the dry season. In other words, ICV is likely to have greater importance on climate change
